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Tunneling and T ranspor t in MOSFETs

Need 2-D/3-D electronic transport model with quantum effects, but...

• Quantum computations still too slow

• Drift-diffusion (classical) model is industry work-horse
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Density-Gradient Model
Density-Gradient Model (quantum-corrected drift-diffusion):

Effect of quantum potential:
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MOSFET Structure
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Quantum Confinement - Carrier Pr ofiles

Gate SiliconOx

Gate Silicon
O

x

Conclusions:

• Quantum confinement
significantly changes
inversion charge profile

• Densities decrease
exponentially into oxide

Channel In version (V G=1V)
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MOS Gate Capacitance
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Conclusions:

• DG model greatly
improves accuracy

• Classical model diverges
rapidly below TOX = 4nm
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30 nm MOSFET - Drain Characteristic
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Conclusions:

• MOSFET still works at
30nm channel length!

• Quantum effects reduce
current by up to 60%

• Current decrease due to
reduced channel charge

2-D MOSFET Model

VDS = 1V
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30 nm MOSFET - Gate Oxide T unneling
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Conclusions:

• Gate leakage decreases
with increasing drain bias

• Gate leakage greater
than OFF drain current

• Tunnel current highest
near source, drain
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Conc lusions

• Density-Gradient transport model:
• Similar to industry standard model (DD)
• Moderate additional computation
• Quantum confinement, tunneling

• Simulated quantum effects
• MOS Capacitor: dramatic improvement in accuracy
• Small MOSFET: ID decrease = QChannel decrease
• First 2-D DG tunneling: S/D tunneling “hot-spots”
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Future DG T unneling Model
Simple Density-Gradient model assumes diffusive tunneling!

Under development: “two-fluid”, lossless, inertial tunneling model

Why?

How? PROPHET: Script-based PDE solver (Lucent Technologies)
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